Introduction
In recent years, the importance of the wool fabric has increased in the apparel sector. A wool suit is comfortable to use, keeps one warm in cool times of the year, and does not lead to sweat when the temperature rises. Seams are very important for the quality of wool suits. Seam performance is an important factor determining the durability of a garment. The tensile characteristics of the seamed fabric changes with the change of bias angles of stitching and stitch densities. The characteristics of a constructed seam are its appearance, strength, elasticity, and stability, which depend on the type of seam, type of stitch, and the stitch density [1] .
The anisotropic nature of textile fabric affects the mechanical properties of fabric stitched at different angles [2] . In garment manufacturing, seams that connect fabric layers in different directions are used [3] .
Seam strength can be measured according to the test method of the American Society for Testing and Materials (ASTM) D 1683-04 "Standard test method for failure in sewn seams of woven apparel fabrics" [4] . The ASTM 1683-04 seam strength standard is widely used in the apparel industry for the evaluation of seam strength [5] .
Tensile properties of seams are often investigated experimentally or theoretically for vertical directions, but in garments, the stitches are applied in different directions. . Although huge amount of work has been done related to seam strength characteristics [2, 8, 9, 10] , research on the strength of the seams applied at different angles is very limited [6, 7] and work related to the impact of seam bias angles with different stitch densities in the trouser and jacket stitches of wool suits is very limited. This study is more focused on the performance of seams at the crotch area and the arm hole of trousers and jackets of wool. The effect of changing the stitch densities at different bias angles was also analyzed.
Some of the seams on a garment, such as those on the shoulder seams on a jacket, are not subjected to high levels of stress or extension during use. In contrast, some seams, such as the arm hole seams and the seams at the crotch area of the trousers, are subjected to high levels of stretching during wear [11] .
Seam defects such as seam opening and broken stitches are more visible in areas where stresses are high. Seam defect makes a trouser unsuitable for wearing even though the fabric may be in good condition. Therefore, measurement of the seam strength at different bias angles becomes important for garments [12, 13] . The seam patterns for arm, trouser, and blouse are seen in Figure 1 . The characteristics of a properly constructed seam depend on the fabric structure and must take into account the strength, extensibility, security, durability, and appearance [14] . Generally, the greater the number of stitches
Methods
The determination of the seam strength was carried out according to ASTM D 1683-04 "Standard test method for failure in sewn seams of woven apparel fabrics". The samples were stitched on an industrial lockstitch sewing machine (Siruba model). Fabrics were cut at angles of 0°, 30°, 45°, 60°, and 90° and then sewn at three different stitch densities (3, 4, and 5 stitches/cm) with lockstitch for each of the fabric angles. Thus, 90 different seamed specimens were prepared. The sewing thread used was 100% polyester, 80 ticket number core spun yarn. Seam strength tests were done with a Shimadzu AG-X HS model tensile testing machine.
Measurement was done under standard climatic conditions. For each fabric sample, three repetitions of the measurement were made, and the arithmetic mean was calculated from the individual measurement results.
Prior to the tests, all fabric samples were conditioned for 24 hours in standard atmospheric conditions (at a temperature of 20°C ± 2°C and relative humidity of 65% ± 2%). SPSS 14.0 statistical software package was used for conducting all statistical procedures. Completely randomized single-factor (one-way) multivariate analysis of variance (ANOVA) as a fixed model was applied to the data in order to investigate the statistical importance of the effect of stitch density and seam angle on the seam strength and on seam-breaking elongation properties of per inch in a seam, the greater is the seam strength [15, 16] . Increase in the stitch number causes an increase of the seam strength. It is related to the increase in the number of loops that are stretched simultaneously [13] .
In this study, seam strength and seam-breaking elongation at different bias angles were investigated for trouser and jacket stitches of wool suits. As is known, in the production of trousers and jackets, the seams are applied not only in the direction of the weft and warp but also at different bias angles at the crotch area and arm holes. Six different wool fabrics with different properties were used as the investigated material. Fabrics were cut at angles of 0°, 30°, 45°, 60°, and 90° and then sewn at three different stitch densities (3, 4, and 5 stitches/cm) with lockstitch for each fabric angle. Thus, 90 different seamed specimens were prepared. Accordingly, the effects of different seam angles with various stitch densities on the seam strength and the seam-breaking elongation of wool suit stitches were investigated.
Experimental

Materials
In this research, six different types of woven fabrics that are commonly used to produce wool suits were evaluated. The properties of the fabrics used in this study are shown in Table 1 . It is related to the increase in the number of loops that are stretched simultaneously.
It can be seen from Figure 5 that the maximum seam strength obtained for the fabric sample F2 seamed at 0° seam angle with 5 stitches/cm was 588 N and for the fabric sample F2 seamed at 45° seam angle with 5 stitches/cm was 502.54 N. It can be seen from Figure 6 that the maximum seam-breaking elongation value for the fabric sample F2 seamed at 45° seam angle with 5 stitches/cm was 61.70 N.
It can be seen from Figure 7 that the maximum seam strength obtained for the fabric sample F3 seamed at 0° seam angle with 5 stitches/cm was 728 N and for the fabric sample F3 seamed at 45° seam angle with 5 stitches/cm was 553.84 N. It can be seen from Figure 8 that the maximum seam-breaking elongation value for the fabric sample F3 seamed at 30° seam angle with 5 stitches/cm was 60.13 N.
It can be seen from Figure 9 that the maximum seam strength obtained for the fabric sample F4 seamed at 45° seam angle with 5 stitches/cm was 509.4 N and for the fabric sample F4 seamed at 0° seam angle with 5 stitches/cm was 460 N. It can be seen from Figure 10 that the maximum seam-breaking elongation for the fabric sample F4 seamed at 45° seam angle with 5 stitches/cm was 57.50 N.
It can be seen from Figure 11 that maximum seam strengths of 664 N and 561.89 N were obtained for the fabric sample F5 seamed at 0° seam angle with 5 stitches/cm and for the fabric sample F5 seamed at 45° seam angle with 5 stitches/cm. It can be seen from Figure 12 that the maximum seam-breaking elongation value for the fabric sample F5 seamed at 45° seam angle with 5 stitches/cm was 65.50 N.
It can be seen from Figure 13 that the maximum seam strength obtained for the fabric sample F6 seamed at 45° seam angle with 5 stitches/cm was 729.31 N and for the fabric sample F6 seamed at 0° seam angle with 5 stitches/cm was 664 N.
wool fabrics. The means were compared by Student-NewmanKeuls (SNK) tests. The value of significance level (a) selected for all statistical tests in the study was 0.05. The treatment levels were marked in accordance with the mean values, and the significance levels marked by different letters (a, b, c, and d) indicate that they were significantly different. Figure 2 shows the placement of seam specimens on the fabric at different angles.
Results and discussion
The results of ANOVA and the SNK tests are given in Tables  2-7 . The results of the ANOVA test given in Tables 2-7 indicate that there were statistically significant (5% significance level) differences between the seam strength and between the seambreaking elongation values of fabric samples at different stitch densities (3, 4, and 5 stitches/cm) and seam angles (0°, 30°, 45°, 60°, and 90°).
Effect of stitch density on seam strength and seambreaking elongation
The ANOVA and SNK test results given in Tables 2-7 It can be seen from Figure 3 that maximum seam strengths of 575 N and 554.54 N, respectively, were obtained for the fabric sample F1 seamed at 0° seam angle with 5 stitches/cm and for the fabric sample F1 seamed at 45° seam angle with 5 stitches/cm. It can be seen from Figure 4 that the maximum seam-breaking elongation for the fabric sample F1 seamed at 45° seam angle with 5 stitches/cm was 63.05 N.
In this study, the seam strength and seam-breaking elongation values of fabric samples sewn at 45º bias angle are higher than those of the others. The results for samples sewn with It can be seen from Figure 14 that the maximum seam-breaking elongation value for the fabric sample F6 seamed at 45° seam angle with 5 stitches/cm was 67.61 N. Seam strength is thus a characteristic determining the performance properties of a seam.
Effect of seam angle on seam strength and seambreaking elongation
The results of the ANOVA and SNK tests given in Tables 2-7 indicated that the woven wool fabrics seamed at different seam angles possessed statistically different seam strengths and seam-breaking elongation values. Seams prepared with 0°, 45°, and 90° bias angles gave the highest seam strength and 30°, 45°, and 60° bias angles gave the highest seam-breaking elongation values all over the samples. Seams prepared with 30° and 60° bias angles gave the lowest seam strength and 0° and 90° bias angles gave the lowest seam-breaking elongation values all over the samples.
As can be seen from the results, the seam strength of the lockstitches at the arm holes of jackets and crotches of trousers in the apparel sector is high when sewn at 45º bias angle with 5 stitches/cm stitch density.
However, when the lockstitch is applied at 30º and 60º bias angles, the seam strength decreases and seam defects, such as broken stitches and seam opening, may ensue. The stitch density of lockstitches at 30º and 60º bias angles should be 5 stitches/cm. Moreover, a stitch density of 5 stitches/cm at 30º and 60º bias angles should be preferred for high seam strength and elongation rates due to the high stretching at the seams of the arm holes in jackets and crotches in trousers of wool suits during wear.
Conclusions
In recent years, the importance of the wool fabric has increased in the apparel sector. Wool suits are always preferred due to their warmth-retaining capacity in cool times, comfort, and aesthetic features. Seam performance is very important for the quality of wool suits. The characteristics of a constructed seam are its appearance, strength, elasticity, and stability, which depend on the type of seam, type of stitch, and the stitch density.
Different stitch densities directly affect the seam strength and seam-breaking elongation of wool suits. In a seamed fabric, if the stitch density increases by 3 stitches/cm to 5 stitches/ cm, the seam strength and seam-breaking elongation value increase.
The anisotropic nature of textile fabrics affects the mechanical properties of fabric stitched at different angles. Therefore, measurement of seam strength at different bias angles becomes more important in garments where the joining patterns are not only in the vertical direction but also at different bias angles.
Different bias angles of stitching directly affect the seam strength and seam-breaking elongation of wool suits. In a seamed fabric, if the bias angle increases from 0° to 45°, the seam strength first decreases and then increases up to 45°. If the bias angle continues to increase from 45° to 90°, the trend of seam strength is almost symmetric from 45° onward due to the use of a square fabric.
For a seamed fabric, if the bias angle increases from 0° to 45°, seam-breaking elongation increases up to 45°. If the bias angle continues to increase from 45° to 90°, the seam-breaking elongation decreases.
In this study, seam strength and seam-breaking elongation of wool suit stitches are influenced by factors such as stitch density and seam angle. As can be seen from the results, the seam strength of the lockstitches at the arm holes of jackets and the crotches of trousers in the apparel sector is high at 45º bias angle with stitch density of 5 stitches/cm.
However, when the lockstitch is applied at 30º and 60º bias angles, the seam strength decreases and seam defects such as broken stitches and seam opening may ensue. The stitch density of lockstitches at 30º and 60º bias angles should be 5 stitches/cm. A stitch density of 5 stitches/cm at 30º and 60º bias angles should be preferred for high seam strength and elongation rates due to the high stretching at the seams seen at the arm holes of jackets and crotches of trousers of wool suits.
